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\bslract Dispersion relation, current and growth rale with maiginal instability criteria of the kinetic Alfven wave with general loss-conc 
ilhiribulioii function in a low /7inhomogeneous plasma in the presence of lor and electron beam, have been obtained by evaluating the Iraiectorics 
o\ llic charged particles fhe whole plasma is considered to consist of resonant and non-resonanl particles It  ^ assumed that rion-resonanl 
p.irlicles support the oscillatory' motion of kinetic AItven wave while the resonant particles participate in the energy exchange with the wave 1 he elTccts 
Ml Steepness of loss-cone distribution m the presence of ion and electron beam are discussed on the dispersion relation, curient and growth-rate of the 
iii^ i.ibilits I he applicability ol the investigation is discussed lor amoral phenomena during the subslomi periods
ds
l’ \ (  S N os.
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I. I n t r o d u c t i o n
Ih c  k in e t ic  A lfv ( 3 n  w a v e  ( K A W )  h a s  b e e n  in v o k e d  in 
asso cm tio n  w ith  th e  m a g n e t o s p h e r i c  d y n a m i c s  s in c e  it is 
M jcccsslu l in e x p l a i n i n g  th e  u l t r a - lo w - f r e q u e n c y  ( I J L F )  w a v e s  
D h^civcd in th e  m a g n e t o s p h e r e  [ I J .  T h e i r  p a r a l l e l  e le c t r ic  
rid d s h a v e  b e e n  c o n s id e r e d  a s  a  p o s s ib le  m e c h a n is m  fo r  
r iu e lc ia t io n  o t  e l e c t r o n s  a l o n g  f i e l d  l in e s .  S u c h  p a r a l l e l  
c le c iiic  H e ld s  a r i s e  m a in ly  d u e  to  th e  f in i t e  io n  g y r o - r a d iu s  
U | 01 th e  f in i t e  i n e r t ia l  le n g t h  [ 3 ]  c o r r e c t io n  to  th e  u s u a l 
i iu i iin e to b y .d ro d y n a m ic  ( M H D )  A l f v e n  m o d e . K i n e t i c  A l f v e n  
^^avc c a n  b e  e x c i t e d  b y  a  M H D  s u r f a c e  w a v e  th ro u g h  a  
resonant m o d e  c o n v e r s i o n  p r o c e s s  [ 1 ,4 ] o r  d r iv e n  b y  d e n s ity  
gradient in a n  in h o m o g e n e o u s  p la s m a  w it h  mjm, < /} < \ 
I v h j .  O b s e r v a t io n s  f r o m  s o u n d in g  r o c k e t s  [ 7 ]  a n d  th e  F r e ja  
^atdliiL* [ 8 ,9 ]  a l s o  s u p p o r t  th e  e x i s t e n c e  o f  s u c h  w a v e s .
In th e p a s t ,  it  i s  e s t a b l i s h e d  th a t  a u r o r a l  lu m in o s i t y  is  d u e  
the im p a c t  o f  a c c e l e r a t e d  e l e c t r o n  b e a m  c o m i n g  to w a r d s  
io n o s p h e r e  a n d  a t  th e  s a m e  e v e n t ,  th e  u p f l o w i n g  io n  
beam  is a l s o  o b s e r v e d  t o w a r d s  th e  m a g n e t o t a i l  [ 1 0 - 1 2 ] .
o f  th e  t h e o r e t i c a l  w o r k  d o n e  s o  f a r ,  r e p o r t e d  th a t th e 
^‘-'locity d i s t r ib u t io n  f u n c t io n  is  a s s u m e d  e i t h e r  a s  id e a l 
^ '’rrc<vpnnding A uthor
t resent iiddrcss ■ Radio and Atmospheric Sciences Division, National Physical I
M a x w e l l i a n  o r  b i - M a x w e l l ia n  [ 1 3 ] ,  ig n o r in g  th e  s t e e p n e s s  
o f  th e  lo s s - c o n c  fe a tu r e  [ 1 4 ] .  P la s m a  in m ir r o r - l ik e  d e v ic e s  
a n d  in  th e  a u r o r a l r e g io n  w ith  c o n v e r g in g  m a g n e t ic  f ie ld  
l in e s , m a y  c o n s id e r a b ly  d e p a r t  fr o m  a  M a x w e l l i a n  d is t r ib u t io n  
a n d  b e c o m e s  a n is o t r o p ic ,  p r o v id e d  th e re  is  a  r e la t i v e ly  lo w  
d e g r e e  o f  p la s m a  c o l l i s io n a l i t y ,  a n d  in  g e n e r a l ,  p e r m it s  s te e p  
lo s s - c o n e  d is t r ib u t io n  fu n c t io n s  [ 1 5  2 4 ] .  In  th is  p a p e r ,  w e  
a n a ly z e  h o w  th e  lo s s - c o n e  d is t r ib u t io n  ( D o r y - G u e s t - H a r r i s  
t y p e )  in f lu e n c e s  th e  g r o w th  o f  e le c t r o m a g n e t ic  in s t a b i l i t y  in 
in h o m o g e n e o u s  m a g n e t o p la s m a  in th e  p r e s e n c e  o f  io n  a n d  
e le c t r o n  b e a m .
In  th e  r e c e n t  p a s t ,  th e  k in e t ic  A l f v d n  w a v e  h a s  b e e n  
a n a ly z e d  u s in g  p a r t ic le  a s p e c t  a n a ly s i s  in v i e w  o f  th e  a u r o r a l  
a c c e le r a t io n  p r o c e s s e s  [ 2 4 , 2 5 ] .  A n  a l t e r n a t iv e  m o d e l  u s u a l l y  
c a l le d  a  p a r t ic le  a s p e c t  a n a ly s i s  [ 1 9  - 2 1 , 2 4 , 2 5 ] ,  is  a p p l ie d  
w h ic h  o f f e r s  an  a d v a n t a g e  o v e r  th e  m a g n c t o h y d r o d y n a m ic  
a p p r o a c h  in  d e a l in g  w ith  th e  f in i t e  L a r m o r  r a d iu s  e f f e c t  a n d  
t e m p e r a t u r e  a n i s o t r o p y  in  t h e  i n h o m o g e n e o u s  
m a g n e t o p la s m a . T h e  b a s ic  a s s u m p t io n s  a r e  t h o s e  o f  e a r l ie r  
w o r k  o n  k in e t ic  A l f v e n  w a v e  [ 2 4 , 2 5 ]  in  w h ic h  p la s m a  h a s  
b e e n  c o n s id e r e d  to  c o n s is t  o f  r e s o n a n t  a n d  n o n - r e s o n a n t
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p a rt ic le s  an d  th e w a v e  y ;row th w a s  d is c u s s e d  b y  the e n e rg y  
c o n s e rv a t io n  m eth o d . W e  h a v e  c o n sid e re d  a  k in etic  A lfv d n  
w a v e  p ro p a g a t in g  o b liq u e ly  to the co n stan t m ag n etic  f ie ld  
( : -d ir e c t io n ) , an d  tw o  d iff'e ren t p o te n tia ls  in the v r  p lan e  
fo r  th e e v a lu a t io n  o f  the c h a rg e d  p a n ic le  trajectoi-y  T h e  
d ire c tio n  o f  th e d e n s ity  g ra d ien t is a lo n g  the v -a x is .
2 . B a s ic  a s s u m p t io n s
W e c o n s id e r  a k in e tic  Alfvc^n w a v e  o f  the fo rm  [ 2 4 ,2 5 ]
w h e re  E± -■ - V  j E\^  -  
an d  (j> ~ k f  - (oi) ^
y/ - y/] cos( A ^ a' +A|iz ~ rot),
w h e re  <t>\ an d  y/\ a re  a ssu m e d  to be a s lo w ly  v a r y in g  fu n ctio n  
o f  tim e  an d  (o' \h the w a v e  fre q u e n c y  /ti an d  d e fin e  th e 
c o m p o n e n ts  o f  w a v e  v e c to r  k a c ro s s  and a lo n g  th e m a g n etic  
fie ld  B{). T h e  k in e tic  A lfv ^ n  w a v e  is a ssu m e d  to start at 
t  ^ 0  w h e n  th e re so n a n t p a rt ic le s  a rc  u n d istu rb ed . W e 
c o n s id e r  a lo w  / y c o llis io n le s s  p la sm a  sa t is fy in g  the c o n d itio n s  
as  m e n tio n e d  b e lo w .
In th e p rese n t a n a ly s is , w e  h a v e  c o n s id e re d  the p lan e  
p o la . ize d  k in e tic  A lfvtSn  w a v e s . T h e re fo r e , th e p e rp e n d ic u la r  
cu rren t is h a v in g  Jy  co m p o n e n t o n ly .
'Vii, «  f  ( ( f'yii,.. kjp}. {{klpj { I
w h e re  I'rp  an d  (V||r a re  the m ean  v e lo c it ie s  o f  io n s and 
e le c t r o n s  a lo n g  th e m a g n e t ic  f ie ld ,  a re  g y ra t io n  
f ie q u e n c ic s  an d  p,,, th e m ean  g y ro -ra d ii  o f  th e re s p e c t iv e  
s p e c ie s .  C o n s id e r in g  th e e q u a t io n  o f  m o tio n  fo r  th e 
c h a rg e d  p a r t ic le s ,  the d e ta ile d  c a lc u la t io n s  o f  p a r t ic le  
tra je c to r ie s  in th e p re s e n c e  o f  k in e tic  Alfvt^n w a v e  h a v e  
b een  p e r fo rm e d  b y  B a r o n ia  an d T iw a r i  [2 4 ] . T h e  d e n sity  
p e rtu rb a tio n s  n ^ (rj)  d u e  to  th e p re se n c e  o f  a  k in e tic  
A lfv c n  w a v e  fo r  th e re so n a n t an d  n o n -re so n a n t p a rt ic le s  is 
e v a lu a te d .
3 .  D is t r ib u t io n  fu n c t io n
T o  d e te rm in e  th e d is p e rs io n  re la tio n  an d  th e g ro w th -ra te , 
w e  c o n s id e r  a b i - M a x w e l l i a n  p la s m a  w ith  d e n s i t y  
d is tr ib u tio n
N { y y ) = N ,
an d  w h ic h  is  d e fin e d  b y  th e d r ift in g  M a x w e llia n  |2 1 ]
^ | e x p { - m ( f , - K / , ) 7 2 7 i ) (2b)
w h e re  / is th e d istr ib u tio n  in d ex  an d  m e a su re s  th e steepness 
o f  the lo s s -c o n e  fea tu re  [ 2 1 ,2 3 ,2 4 ] .  In the c a s e  o f  7  =  0 this 
re p re sen ts  a  b i-M a x w e ll ia n  d istr ib u tio n  an d  fo r  7  -  ao ihis 
re d u c es  to th e D ira c  d e lta  fu n c tio n  [2 0 ] , ^ 2 7 j / w  and
I ' / j  = ( 7  +  1 ) - ' 2 7 1 / / t7 a re  th e s q u a re s  o f  p a ra lle l  and 
p e rp e n d ic u la r  th erm al v e lo c it ie s  w ith  re s p e c t  to the external 
m a g n e tic  f ie ld . Vd, d e fin e s  th e b eam  v e lo c ity  o f  the particles
4 . D is p e r s io n  r e la t io n
T h e  in teg ra ted  p e rtu rb ed  d e n sity  fo r  n o n -re so n a n t particles 
is g iv e n  as
n , _ , = j 2 K V , c n \ j d V t n , A r j ) _ 0 )
W e  u se the e x p r e s s io n  o f  fo r  n o n -re so n a n t particles
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; l ( ^ i ) / ^ ( > i | ) ,  ( 1 )
w h e re  e  is a  s m a ll p a ra m e te r  o f  th e o rd e r  o f  in v e r se  o f  the 
d e n s ity  g r a d ie n t  s c a le  le n g th . W e  c o n s id e r  a  g e n e ra l 
d i.strib u tion  fu n c t io n  fo r  f i { \ \ )  a s  [ 1 4 , 1 5 , 2 0 , 2 3 , 2 4 ]
A ( f ' i  ) =  [ n 'In V f l  c x p ( - V I I v l )  ( 2 a)
w h e re  Vj is th e d ia m a g n e tic  d r ift  v e lo c ity  w h ic h  is defined 
b y
■ ' m^ 2 N
an d  Vj -  0  re p re se n ts  the h o m o g e n e o u s  p la s m a , is the 
p e rp e n d ic u la r  te m p e ra tu re , q is  th e c h a rg e  an d  m is the mass 
o f  the p a r t ic le ,
an d  -  r j 4- w/2 ; p = [k  ^Vy / i 7 ) ,
n^l = U-  -  nt)-¥kyX^ k f  -  cot,
On
0 is the in itia l p h a se  o f  v e lo c ity  at / =  0 .
In v ie w  o f  th e a p p ro x im a tio n s , th e d o m in a n t contribution 
c o m e s  fro m  th e term  0. T h e  re so n a n t c r i t e r io a  is given 
b y  /:||T| -o) = 0 . T h e re fo r e , th is  re so n a n t c o n d itio n  means 
that the e le c tro n s  s e e  the w a v e  in d ep e n d en t o f  t in the 
p a r t ic le s  fra m e . T h e  p a rt ic le s  s a t is fy in g  th e a b o v e  condition 
a re  c a lle d  re so n a n t. an d  7/(//) a re  B e s s e l 's  functions 
w h ic h  a r is e  fro m  th e d if fe r e n t  p e r io d ic a l v a r ia tio n  of 
c h a rg e d  p a rt ic le s  tr a je c to r ie s . T h e  t e r m . re p re sen ted  by 
B e s s e l 's  fu n c tio n s  s h o w s  th e re d u c tio n  o f  th e f ie ld  intensities
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due 10  l im t c  g > T o - r a d m s  e fT e c t . W ith  th e  h e lp  o f  e q s .  ( 1 )  o f  c q s  ( 7 )  a n d  ( 8 ) w e  o b t a in  th e  d i s p e r s io n  r e la t io n  f o r  th e







y' ( 6 )
u lie ik ’ s q u a r e  o f  th e r m a l v e l o c i t y  a lo n g  th e
jjp b ic n t  m a g n e t ic  f i e ld .  F o r  M a x w e l l 's  e q u a t io n , w e  u s e  th e 
,| ! ia M -n e u tia l ily  c o n d i t io n  | 2 4  2 6 ]
.mJ we g e t  th e  r e la t io n  b e t w e e n  ^  a n d  y/ a s
<!> -=
k }
(0 - A ',1 f )i
i f ,
k i  ro (
__________________ ^
11 ,k^ (ro -  A'j) / I , ) (7 )
l p e r t u r b e d  io n  a n d  e le c t r o n  d e n s i t i e s  n, a n d  a n d  
Ampere's J a w  in  th e  p a r a l l e l  d i r e c t io n  1 2 4 - 2 6 ] ,  w e  o b ta in  
iIk ' e q u a t io n
I , ,  ^ 4>t  P  ,
(8)
^\heie .} -  c J 2 , i r l \ c l l [ i  J c y i ; |( A ( r ) i / _ - ( r , r )  + r ||H |(r ,o )^
( A ( I ' ) « - ( / ■ , 0  +  l ||/; ,( ;- ,/))^
I he e x p r o s s io n  f o r  u . (r , t )  is  c a lc u la t e d  b y  B a r o n i a  a n d  
l iw a n  1 2 4 1 w h i c h  is  g i v e n  a s
/ -  9 1 ; Ij .  \ '*1
k h ; A
(0^.(oA
I 7 D ,
(ol,a>rA ( 7 j,
k ^ fJ r
(o;
I ' J k 1 m, (o
a ,
(0 /I A||(l /), - I  /),,)
A(ol.
a ,
\ I / I i't-A //j^ ,
w h e r e  w , ■ - r o - A j  \ id ,. = r y -  A||l ’,).. 
r_JA 1^ /2 ’ nil
( 10)





X [ c o s ^ „ ,  - 2 > c o s ( ^ „ ,  -  A , , / ) ] .
w h ere S -  0  f o r  th e  n o n - r e s o n a n t  p a r t ic le s  a n d  1 f o r  th e  
reso n an t o n e .
■A' IS th e  c u r r e n t  d e n s i t y  w h ic h  is  c o n tr ib u te d  b y  f i r s t -  
|>rdcr p e r t u r b a t io n s  o f  d e n s i t y  a n d  v e l o c i t y .  W ith  th e  h e lp  a n d  J  -  7^. ■
is  th e s q u a r e  o f  io n - a c o i is t ic  s p e e d  a n d
- £ 1 ^ ^A -  7
is  th e  s q u a r e  o f  A l f v e n  s p e e d  I'n, a n d  Vd,. a r e  th e  b e a m  
v e lo c i t i e s  o f  io n s  an d  e le c t r o n s  r e s p e c t i v e ly .  T h e  d is p e r s io n  
r e la t io n  o f  th e k in e t ic  A lfv e h t w a v e  r e d u c e s  to  th a t d e r iv e d  
b y  H a s e g a w a  a n d  C h e n  [ 2 7 ] ,  B a r o n i a  a n d  1  iw a r i  [ 2 4 ]  u n d e r  
th e  a p p r o x im a t io n , f j  0 , .7 -  0 , fy i, "  0 , Vp,. ~ 0  a n d  loi^i)
I  ^ T
e x p  ( - A , )  ^  I / l„  lo r  =  ;^k^p; < | a s  w e  h a v e  a p p l ie d .  
lo(At) is  th e  m o d if ie d  B e s s e l  fu n c t io n .5 . C u r r e n t  d e n s it y
S i n c e  th e  a v e r a g e  v a lu e  o f  c u r r e n t  v a n is h e s  w h ic h  is  
c o n tr ib u te d  b y  f i r s t - o r d e r  p e r tu r b a t io n s  o f  d e n s i t y  a n d  v e l o c i t y  
d u e  to  th e ir  p e r io d ic a l  v a r ia t io n s ,  w e  e v a lu a t e  th e  a v e r a g e  
c u iT e n t w h ic h  is th e  s e c o n d - o r d e r  p e r t u r b a t io n . T o  e v a lu a t e  
th e  p e r t u r b e d  c u r re n t  d e n s i t y  w e  u s e  th e  f o l l o w i n g  s e t  o f  
e q u a t io n s
A on 00
J , , . = ^ c l s \ 2 t : y , c l V , j d V i e
[(A^ + n , ) ( K + i 7 ) - A ^ K ] ^ ^
( l l )
A K  Dwivedi, P  Vjrma and M  S Tiwari 
W ith  Ih e  h e lp  o f  e q s  ( I ) ,  ( 4 )  a n d  ( 9 )  w e  o b ta in
2 m!. {2  i (O
I ' ( 1 - ; f p ; ( - ^ ^ D ) .
}i; D t y (o, ^  ^
S i m i l a r l y  f o r  th e  c u r r e n t  in th e  r - d i r e c t io n ,
^ (l +
S u b s t i t u t in g  e q s  ( 1 2 ) a n d  ( 1 3 )  in c q . ( 1 1 ) w c  o b ta in
\{(t>\ W\)_ 2 (0 ,_
■ ‘ 8 -t m ni I w ■ '
« « i r l / | | , ,  J  m,Qrco,
x ( l - A f p , ^ ( . / + 1 ))]^ (
(:'(// ]A||^ 1{{<!>i - V ' i )  2 ft;,
&)T m , 1 \
2(0^.
>
(«>i -  ¥ \ ) 4^^- 1V'vvi
’ /III
is  c o n t a in e d  in  th e  fo r m  o f  th e  o s c i l l a t o r y  m o t io n  o f  th e non- 
r e s o n a n t 'e le c t r o n s  [ 2 0 , 2 8 ] ,  T h u s ,
w ; ,«  W, »
2(1), , 2(t} , , / i o \
V'1(^ 1 + - 7 ^ 7 - ; - (/' l lI - V ' I ) ' (12)
*11 ’ / ill'
( 18 )
( 1 3 )
2 (0 ,
, 1  \ ^ 1  4o;,,
* 7 ,“  (^ 1 -  ) "  7^  -  P 7.4 -  V'l (14)
A/ot’ ’ Aj/i(//| k](j>\ (//|
( 1 3 )
T h e  r e s o n a n c e  e n e r g y  Wr o f  th e  e le c t r o n s  p e r  u n it  w a v e le n m li 
w h ic h  is  o b t a in e d  a s  [ 2 4 ]
8 ^  V ( 7 i , / m , )
* ll(27 |l,,/w ,)
e x p [ ^ -  m, ( r j  -  , < , 0 ,
w h e r e  -  ^nN(^ e- jm, . '
U s in g  th e  la w  o f  c o n s e r v a t io n  o f  e n e r g y ,  w e  c a lc u la te  the 
g r o w t h  ra te  o f  th e  d r i f t  k in e t ic  A l f v ^ n  w a v e  b y
w h ic h  p r o v id e s
y =^{\l\ff\){dil/\ / J i )
CO)
-  7TCO( P l e / i n . )
k . y p
' M P u ’/rnc)
W ith  th e  h e lp  o f  e q s .  ( 1 8 ) - ( 2 0 ) ,  w c  fo u n d  th e  g ro w th  rate 
o f  d r i f t  k in e t ic  A l f v ^ n  w a v e  a s
y  j(o  = { ( o - k f , „ ) T ie k sY S71, ( w - V / x )
m,Q), ( c ^ - V ' / x ) ^e x p
( 1 7 ) II  ^ Ik (21)
w h e r e  r e p r e s e n t s  e le c t r o n  d ia m ag n etic
d r i f t  v e l o c i t y  a n d  th e  v a l u e  o f  co f o r  th e  d r i f t  k in e t ic  A lfv^ n  
w a v e  h a s  to  b e  s u b s t i t u t e d . In  th e  c a s e  =  0  w e  r e c o v e r  the
w h e r e  (o, a n d  (o^ . a r e  g iv e n  b y  c q . ( lO a ) .
In  th e  e v a lu a t io n  o f  th e  c u r r e n t  d c n s it ie .s , it w a s  a s s u m e d
th a t th e  f i e ld - a l i g n e d  a n d  p e r p e n d ic u la r  c u r r e n t s  a r e  d u e  to  g ^ w t h  r a t e  a s  d e r i v e d  b y  B a r o n i a  a n d  T i w a r i  [ 2 4 , 2 5 ] ,  
a n  e le c t r o m a g n e t ic  k in e t ic  A l f v c n  w a v e  a n d  th e  c o n tr ib u t io n  
d u e  to  d ia m a g n e t ic  d r if t  w a s  n e g le c t e d .
6. Growth rate
I h e  w a v e  e n e r g y  d e n s i t y  p e r  u n it w a v e le n g t h  is  th e  s u m  
o f  p u r e  f i e ld  e n e r g y  a n d  th e  c h a n g e s  in  e n e r g y  o f  th e  n o n -  
r e s o n a n t  p a r t i c l e s  Wt a^ I t  is  o b s e r v e d  th a t th e  w a v e  e n e r g y
7. Marginal instability
F o r  th e  m a r g i n a l ly  s t a b le  c o n d i t io n ,  w e  m u s t  h a v e  /  =  0. 
W e  th e n  a r r i v e  a t  th e  r e s u l t
^ y , ) e = \ o > - ^ k ^ V S
‘ U
(22)
Kinetic Al/ven wave with general loss-cone distribution function etc
4 5 1
whicli sh o w s  th at th e  e le c tro n  b e a m  m a y  b e a ls o  so u rc e  o f  
veneration o f  k in e t ic  A l f v 6n w a v e  in sp ite  o f  d r ift  d u e  to 
density in h o m o g e n e ity . I f  kj* =  0 , th en  b e am  v e lo c ity  a b o v e  
the phase v e lo c ity  o f  th e w a v e  m a y  c a u s e  th e w a v e  gen era tio n .
S. Results and discussion
In the present analysis, the expressions for the dispersion 
lelation, current and growth rate are evaluated in the presence 
ol ion and electron beam, and the steepness of the loss-conc 
I lie following parameters for the auroral acceleration region 
110,24,25] are used to evaluate the dispersion relation, 
airrcnl and growth-rate.
B, - 4 5 0 0  nT, -  4 1 2  s «, Kf\, -  l keV ,
A 7]i, 1 0  k e V , V J =  2 0 0  c m /se c , -  1 0 ,
A  5 10 ^ ’ ’ cm
\ ij^ Lirc 1 show the relation between wave frequency co 
u7 s/'s perpendicular wave number k^ p, for different values
FiRurv 2. Ciro\Ml\ rate [y/a?) ivnii.s pcrpctidicular wave number (A,/!,) 
for different distribution index J, ~ \ > l(V’ cm/sec, i'/,. - 1 - lO" 
cm/see
F ig u re s  3 and 4  ex h ib it the v ar ia tio n  o l 'w a v e  fre q u e n c y  
fo and  gro w th -rate  yUo w ith  A'l/i, at d iffe re n t te m p e ra tu re  
a n iso tro p ies  7\,/7]„ f o r ./ 2  at f ix e d  r , ,  and I'/ ,,. T h e  e ffe c t  
o f  tem p eratu re  a n iso tro p ies  is to en h an ce  the w a v e  fre q u e n c y
figure 1 . frequency (co) versus perpendicular wave number (k\/),) 
l(H (lirtcrcnt dislribulion index J, I’m = I > 10'’ cm/scc, = P  lO"
un/sL'L
ol,/ at fix e d  Vj}, a n d  1)^ .^ It is  n o t ic e d  th at w a v e  fre q u e n c y  
cf IS d e c re a s in g  w ith  in c re a s in g  v a lu e s  o f  k±p, and  7 , w h ich  
niav be d u e to  th e d e c r e a s e  o f  io n  d r ift  v e lo c i t y ' in the 
piL’sence o f  s te e p  lo s s - c o n e  d is t r ib u t io n  fu n c tio n . T h e  
steepness o f  th e lo s s - c o n e  d is t r ib u tio n  in d e x  a p p e a rs  th ro u gh  
tile ton g y r o -r a d iu s  e f f e c t s  w h ic h  a c tu a l ly  d e te rm in es  the 
wave fre q u e n c y .
I ig iire 2  s h o w s  th e v a r ia t io n  o f  g ro w th -ra te  ft) w ith  k±p, 
lor d iffe ren t v a lu e s  o f  7  at f ix e d  kp, an d  It is seen  that 
higher d is tr ib u tio n  in d e x  e n h a n c e s  th e g ro w th -ra te  and 
permits a lo w e r  f r e q u e n c y  fo r  e m is s io n . A t h ig h e r  A ip , th ere 
's no fre q u e n c y  b a n d  fo r  th e h ig h e r  7 . T h u s  m irro r-lik e  
con figuration  o f  th e  m a g n e to s p h e r ic  stru ctu re  w ith  a steep  
Jis in b u tio n  in d e x  m a y  b e  u n s ta b le  fo r  th e e le c tro m a g n e tic  
l^mciic A lfv ^ n  w a v e  e m is s io n . T h e  in c re a s e  o f  7  n a rro w s 
down the e m is s io n  b a n d  a n d  th e w a v e  c a n  b e  g e n e ra te d  fo r  
^he lo w er v a lu e s  o f  k±p,.
A,/^
Figure 3. I'lcqucncy (r/j) perpendicular wave number (Aiy?,) for
dilTercnt temperature anisotropy 7’j .//ji J  ~ 1  ^ 10** cm/scc,
1/j/ I ‘ Ilf' cm/scc
Ai/?-
Figure 4. Growth rate versus perpendicular wave number (kip,) for 
different temperature anijjotropv 7’i77j|,, 7 = 2 ,  -  I  ^ 10* cm/sec,
f/p, = -I X 10 '^ cm/scc
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a n d  to  r e d u c e  th e  g r o w t h - r a t e .  It m e a n s  th e  w a v e  lo s e s  
e n e r g y  b y  w a v e  p a r t ic le  in t e r a c t io n  b y  t r a n s fe r r in g  th e  
e n e r g y  to  th e  p a r t ic le s  b y  L a n d a u  d a m p in g . T h e  d e s t a b i l i z in g  
e f f e c t  d u e  to  s t e e p n e s s  o f  lo s s - c o n e  a n d  th e s t a b i l i z in g  e f f e c t  
d u e  to  a n is o t r o p y  a r e  p r e d ic t e d .
F i g u r e  5 s h o w s  th e  in c r e a s e  o f  f i e ld - a l ig n e d  c u r r e n t  J .  
w ith  th e  in c r e a s e  o f  d is t r ib u t io n  in d e x  ,/ a n d  F ig u r e  6  e x h ib it s  
a n  in c r e a s e  o f  p e r p e n d ic u la r  c u r r e n t  -A w ith  . / a t  f i x e d  v a lu e s  
o f  Vj), a n d  F / v ,  B o t h  th e  f ig u r e s  p r e d ic t  th at th e  c u r r e n t s  in 
p a r a l l e l  p e r p e n d ic u la r  d i r e c t io n s  a r c  g e n e r a t e d  b y  th e  k in e t ic  
A l f v ^ n  w a v e  w h ic h  c o u p le s  th e  p e r p e n d ic u la r  a n d  p a r a l l e l  
p o t e n t ia l  d r o p  a lo n g  th e  a u r o r a l  f i e ld  l in e s  in th e  a c c e le r a t io n  
r e g io n .  T h e  r e v e r s a l  o f  th e  f i e ld - a l i g n e d  c u r r e n t  w ith  
p e r p e n d ic u la r  w a v e  n u m b e r  a t  h ig h e r  J  v a l u e s  is  s h o w n  in 
F i g u r e s  5  a n d  6  w h ic h  m a y  b e  d u e  to  th e  c o u p l in g  o f  
p o te n t ia l  d r o p s  a l o n g  a n d  p e r p e n d ic u la r  to  th e  m a g n e t ic  
f i e ld  a n d  th e  m ir r o r in g  e f f e c t s  at h ig h e r ./ .  T h u s ,  p e r p e n d ic u la r  
a n d  p a r a l l e l  e l e c t r i c  f i e ld s  c o u p le d  b y  th e  k in e t ic  A l f v d n  
w a v e  a l s o  h a v e  th e ir  e f f e c t  o n  th e  c u r r e n t  p a tte rn .
I’ igurc S. Parallel cu rren t (X ) 'versus perpendicular w ave num ber 
for ditTercnl d is tribu tion  index 7, r/>^ , ~  I 10** cm /sec, I ) -I - n r
cm /sec
F ig u re  6. P erpend icu lar curren t (7 ,) versus perpendicular w ave num ber 
for d ifferen t d is tribu tion  index ./, 1 x 10" cm /sec, P / ) / - - !  x 
cm /sec
F i e l d - a l i g n e d  c u r r e n t s  a r e  th e  c r i t i c a l  f e a t u r e s  o f  
m a g n e t o s p h e r e - io n o s p h e r e  c o u p l i n g .  In  th e  p r e s e n t  w o r k ,
w e  h a v e  a t t r i b u t e d  t h e i r  o r i g i n  t o  p l a s m a  d e n s iiv  
in h o m o g e n e i t y  th r o u g h  th e  g e n e r a t io n  o f  k in e t ic  A lfven  
w a v e s  a s  w e l l  a s  b e a m  e f f e c t s  o f  th e  m a g n e t o s p h e r e .  In the 
s u b - a u r o r a l  r e g io n  I I ,  th e  f i t i d - a l i g n e d  c u r r e n t  sy ste m  is 
c o m m o n ly  a t t r ib u t e d  to  p r e s s u r e  d r iv e n  c u r r e n t  s o u r c e s  |29] 
W h e n  c h a n g e s  in  th e  m a g n e t o s p h e r ic  p r e s s u r e  ta k e  place 
s u d d e n ly  ( f o r  e x a m p le ,  w h e n  a  m a g n e t o s p h e r ic  subsiorm  
e x p a n s io n  t a k e  p la c e ) ,  th e  p la s m a  d e n s i t y - c h a n g e s  w ill lead 
to  a  n e w  f i e ld  a l ig n e d  c u r r e n t  d is t r ib u t io n  w h ic h  will 
t r a n s ie n t ly  b e  c a r r i e d  o u t  to  th e  io n o s p h e r e  a lo n g  the fid n  
b y  K A W  th a t w i l l  b o u n c e  b a c k  a n d  fo r t h  o n  c lo s e d  field 
l in e s .
D e s t a b i l i z i n g  e f f e c t s  d u e  to  th e  s t e e p  lo s s - c o n e  on 
d i f f e r e n t  in s t a b i l i t ie s  a r e  a l s o  r e p o r t e d  in v a r io u s  p a p a s  
1 2 0 , 2 1 , 2 3 , 2 4 1 .  T h e  s t e e p  lo s s - c o n e  s t r u c t u r e s  a r e  an a lo g o ih  
to  m ir r o r  l ik e  d e v ic e s  w ith  h ig h e r  m ir r o r  r a t io  w h ic h  ma\ 
a c c e le r a t e  th e  c h a r g e d  p a r t ic le s  m o v i n g  p e r p e n d ic u la r  to ihe 
m a g n e t ic  f ie ld .  T h u s ,  m o r e  e n e r g e t i c  p a r t ic le s  m a y  W 
a v a i l a b le  to  p r o v id e  e n e r g y  to  th e  w a v e  b y  w a v c -p a rt ic IC s  
in t e r a c t io n s .  T h e  s h a r p  d e n s i t y  g r a d ie n t s  m a y  a p p e a r  owiiu' 
to  th e  p a r t ic le  p r e c ip i t a t io n  in  th e  a u r o r a l  z o n e  [ 1 0 ] .  H ner^clu  
p a r t ic le s  m a y  c r e a t e  a t e m p e r a t u r e  a n is o t r o p y  d u n iv j ihc 
s u b s lo i m s  p e r io d s  w h ic h  m a y  a l s o  c o n t r o l  th e  k in e t ic  A lfvLn 
w a v e  e m is s io n .
T h e  th e o r y  m a y  b e  u s e f u l  to  s t u d y  th e  e le c t r o d y i ia m iis  
o f  a u r o r a l  io n o s p h e r ic  r e g io n ,  f h e  p r e s e n c e  o f  fie ld -a lm n c d  
c u r re n t  in th e  a u r o r a l  io n o s p h e r e  c a n  p e n n it  s h o r t  w a v e lcn p ih  
d r if t  k in e t ic  A l f v ^ n  w a v e  in s t a b i l i t i e s  to  g r o w  ai lower 
a l t i t u d e s .  T h e  c o n v e r g i n g  m a g n e t ic  f i e ld  l in e s  in th e hiylici 
la t itu d e  a u r o r a l  io n o s p h e r e  m a y  b e  c o n s id e r e d  s u ita b le  loi 
th e  u s e  o f  g e n e r a l i z e d  d is t r ib u t io n  fu n c t io n s .  U p  l lo w in g  ion 
b e a m  a n d  d o w n  c o m i n g  e l e c t r o n  b e a m  a l o n g  w it h  energetic 
p a r t ic le s  m a y  e x c i t e  k in e t ic  A l f v d n  w a v e .  T h e  stu d y  m.iv 
a l s o  b e  u s e f u l  f o r  th e  e x p e r im e n t a l  d e v i c e s  w ith  curicni 
c a r r y i n g  p la s m a  [ 2 1 ].
Acknowledgment
W e  a r e  th a n k fu l  to  H O D , D e p a r t m e n t  o f  P h y s i c s ,  R  S  Kasaiin 
f o r  p r o v id i n g  n e c e s s a r y  f a c i l i t i e s .  F i n a n c i a l  a s s i s t a n c e  b y  iHf 
D e p a r t m e n t  o f  S c i e n c e  &  T e c h n o l o g y  ( D S T ) ,  N e w  Delhi is 
t h a n k f u l ly  a c k n o w le d g e d .
References
[I] L Chen and A Hasegawa 7 Geophys. Res 79 1024 (1974)
[2J A Hasegawa 7. Geophys. Res, 81 5083 (1976)
[3] C K Goertz and R W Bosewell 7. Geophys. Res. 84 7293
[4] A Hasegawa and L Chen Phys Rev. Lett. 35 370 (197. )^
[5] A B Mikhailovskii Rev Plasma Phys. Vol. 3 (New York 
Consultants Bureau) (1967)
[61 X Y Wang, Z X l,iu and X B Zhang Phys Plasmas S 8.16 (
|7] M H Boehm, C W Carlson, J P Mcfadden, J H Clemmons and 
F S Mozer./ Geophys Res. 95 157 (1990)






j-K Wahlund, P Louarn, T Chusl, H dcFciaudy, A Roux, 
U Ilolback, P O Dovncr and G Holmgren Geophys Re.\ f.en
21 1831 (1994)
\\  11 Boehm, .1 Clcmmon,s and G Pasclimann G eo p h ys  Res  I^ t i
22 69 (1995)
IVl s Tiwari and G Roslokcr Planet Space Sci 32 M97 (1984)
I S Mo/er, J R Wygant, M 11 Boehm, C A Catiell and M Tcmerm 
Space Sci Rev 42 313 (1985)
H H Mauk and L .1 Zcnelli Rev Geophvs 25 541 (1987)
V A Marchenko, Yum Ne/lma and O A Pokhotelov P la sm a  Phys  
i 'ontr f  u sm n  30 957 (1988)
II K Wong, C S Wu and J H (ialTey (Jr) Phys hluicis 28 2751 
(1985)
\i A Dory, P Gucsl and P G Hanis Phys Rev Lett 14 131
(I9f)5)
K D Misra and M S Tiwaii Can J Phvs 57 1124 (1979)
[17] UK Wong, C S Wu, F J Kc. R S Schneider and L F Ziebell J.
Plasma Phys 2H 503 (1982)
[IS] D Summers and K M Thorne Phys fluids 30 3761 (1987)
[19) M S  Tiwari and P Varma J Plasma Phys 46 49 (1991)
(20] M S l  iwari and P Varma Planet Space Sci 41 199 (1993) 
|21| P Varma and M S riwari Phys Scr 45 275 (1992)
(22] S r l^ imc and A P Vinas ./ Genphys Res 99 8671 (1994)
[211 R (laclzcr, R S Schneider and I V Zicbcll Phys Rev E55 5859 
(1997)
124] A B.iroma and M S Tiwan Planet Space Sci 47 1111 (1999) 
|25] A Baionia and M S Tiwari J Plasma Phys 63 311 (2000)
1?6] A Hasegawa Pruc Indian Acad Sci 86A 151 (1977)
[271 A lliisegawa and L Chen Phys f  luids 19 1924 (1976)
[281 Y lerashiiiia  Pro^r Thco Phys 37 775 (1967)
[29] 1) J SoulPoA'octd and M G Kivcison J  Gcophys Res 96 67 (1991)
